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TERRESTRIAL HABITAT PREFERENCES OF ADULT
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TERRESTRIAL HABITAT PREFERENCES OF ADULT ARROYO
SOUTHWESTERN TOADS
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Abstract: Using an external belt attachment system, we attached 1.8-g radiotransmitters to arrovo southwestern
toads (Bufo microscaphus californicus). We tracked 83 arroyo southwestern toads over an average period of 30.9 days
(SD = 29.0) in 1998, Male calling actraty began at the study site on 6 Marcls and eaded on 29 july. We observed
arroyo toad activity in upland habitats throughout the study. We examined the habitat preferences of arroyo toads
by comparing land cover within a minimum convex polvgon estimate home range for each animal 1o the study site
subarea where each toad occurred, We also compared substrate, vegetation, and vegetation stracture use Lo avail-
ability within each minimum convex polygon area. We found significant perween-sex differouces in lawd use and
vegetation-type preferences during the study, but not for substrate or vegetation-structure preferences. Female
arroyo southwestern toads preferred terrace and channei habitats to campground, agricultural, or upland habiiats.
During the breeding scason, male arroyo southwesters toad preference for channel habitats was significanty
greater. than for all other habitat ypes. Toads preferred sands for burrowing substrate, DUE nO substrate ype was

-preferred for surface activity. Bifferences in preference rank for vegetation type were weak. Male use of agricul-

tural tands adjacent to breeding sites increased after the breeding season, Dense. tall vegetation structures were
least preferred by arroyo southwestern toads for burrows. Arroyo southwestern toads may forage and disperse

through many vegetation types that are common in riparian and upland habrats of southern California.
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In light of the recent and widespread decline of
amphibians (Blaustein and Wake 1990; Pechmann
et al. 1991; Wake 1991, 1998; Pechmann and
Wilbur 1994), identifying and protecting habitats
that are used by endangered amphibians has
acquired special significance. For long-term con-
servation, wildlife managers should increase efforts
to conserve the natural disturbance regimes and
successional dynamics that promote the continme
ous availability of preferred breeding and terrestri-
al habitats. Preferred terrestrial habitats have not
been identified for many endangered amphibians
because observations have been limited to aguatic
breeding sites, where frogs and salamanders can
b scasoually abundant and conspicuous.

The arroyo southwestern toad (hereafter
arroyo toad) is a federally endangered (Federal
Register 1994) amphibian species {(Gergus 1998}
of southern and central California, USA, and
northern Baja California, Mesico. Extant arroyo
toad populations are principally found in the
coastal plain and mountains near rivers and adja-
cent uplands (Patten and Myers 1992, Jennings

! Epail: periffin@sehway.amt.edu
2 Present address: Wildlife Biology Program, Univer-
sity of Montana, Missoula, MT 59812, USA,

and Hayes 1994). lhe arroyo toad was formerly
widespread, but many populations are extirpat-
ed, and currently only 22 river systems rerrain
that contain populations of the arroyo toad.
Most observations of arroyo toads are associated
with sandy 3rd to 6th order {Strahler 1952, Gor-
don et al. 1992) floodplains within 0.3 km of sea-
sunal 1iver breeding sites {Federal Register 2001).
The highly dynamic river and riparian habitats of
southern California where arroyo toads repro-
duce support many other threatened and endan-
gered species, including southwestern willow fly-
catcher (Empidonax trailii extimus), least Bell's
vireo (Vireo belli pusillus), tidewater goby (Eucyclo-
gobius newberryi), and steelhead trout (Oneovhyn-
chus mykiss).

Arroyo toad populations persist in an environ-
ment of floods and fires that change both upland
foraging habitats and the structure of aquatc
habitats vital for breeding and larval develop-
ment (U.S. Fish and Wildlife Service 1999). Nat-
ural floodplains are heterogeneous landscapes
with paiches of various landforms, sediment
deposits, and vegetation age and type. The cre-
ation of reservoirs, lowering of water tables from
irrigation, paviuy, sediment mining, and the
introduction of exotic flora and fauna are con-
spicuous human actions that have negatively
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impacted arroyo toad hahitats. Habitat fragmen-
ration in aquatic habitats and their watersheds
can Jead to population declines in patches that
remain (Sheidon 1988, Dodd 1990, Bradford et
al. 1993, Yage et al. 1997). Exorc fishes and
amphibians may eat arroyo toad larvae, juveniles
(1.S. Fish and Wildlife Service 1999), and adults
(Criffin and Case, unpublished data),  Exotic
plants such as glant reed {Arundo donax) can
grow densely in floodplains where arroyo toads
live, allering vegetative habitats and stream
hydrology (U.5. Fish and Wwildlifc Service 1999},
Arrovo toad eggs are externally fertilized in
water and develop into embryos that hatch as lar-
vae. Larvae develop and metamorphose into ter-
restrial toads. Arroyo toads breed in sandy pools
in rivers with intermittent, seasonal flow, with a
breeding petiod that may range from late Febru-
ary through July, depending on elevation and lat
itude. Breeding at a given site may extend over
several months (Cunningham 1961). Small ter-
restrial toadlets can burrow inte Joose soils with-
in days after metamorphosis. Males may reach
sexual maturity 1 year after metamorphosis,
although they do not generally reach full male
adnlt size until age 2. Females require 2 yeass to
reach sexual maturity {S. Sweet, University of Cal-
ifornia at Santa Barbara, unpublished data).
Except during the breeding period, most
pufonids are esseistially texrestrial (Becbee 1985},
Elevated terraces close to breeding streams are
important habitats for burrowed and active
arroyo toads, both during and after the breeding
seasom {U.S. Fish and Wildlife Service 1999).
Adult arroyo toads bave been found hundreds of
meters from watercourses {Cunningham 1961},
and over 1 km from water in low-elevation popu-
lations (D. Holland, Camp Peadleton Amphibian
and Reptile Survey, unpublished data). Welsh
{1988:20) aiso noted arroyo toads in Baja Califor-
mia ... far from water, in coastal sage scrub and
chaparral” Burrowing is a common behavior in
many bufonids living in arid to semi-arid regions
(Warburg 1997). Toads in burrows may experi-
ence less daily fluctnation in temperature and
may have more moisture available to absorh than
they would if they were at the surface (Gunning-
Tram 1961}, and arc hidden from potential predae-
tors. Substrates suitable for burrowing, there-
fore, must be available in arcas used throughout
the year.
Adult survival may depend on the availability of
adequate terrestrial habitats. it is, therefore,
important to identify those substrates, vegetation
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types, and vegetation structures that are pre-
ferred by arroyo toads for burrewing and surface
activity. Absolute measures of preference can
only he measured experimentally, hut relative
affinity for 1 habitat over another can be mea-
sured by comparing the relative use and avail-
ability of habitats {Garshelis 2000). Despite this
distinction, we will use the term preference to
mean simply affinity,

Comparisons of used to available habitats are
1ools for identfication of habitat features that are
used in greater proportion than their avatlability
(Johnson 1980, Thomas and Taylor 1930). The
principle goal of this analytical technique is to
identify habitat features that are used in a greater
proporuon than expected, based on their avail-
ahility to the animal. Two spatial scales of habitat
preference can be studied using radiotelemetry
data from individuals (Aehischer et al. 1993},
Second-order selection is the seleetion of a home
range or its proxy within a landscape (Johnson
1980). Use at this level does not imply that every
point within the home range is used; at this scale,
the habitats within a home range or s proxy are
compared to the available habitats within the
entire study area. Assessing third-order selection
involves comparing microhabitats observed as
used by individuals to those available to each
individual (Tohnson 1980). In radiotracking
studies, it is possible to limit the definition of
available microhabitats to those within each indi-
vidual's home range or its proxy (Thomas and
Taylor 1990, Acbischer et al. 1993}, These meth-
ods may not identify all microhabitals that ase
important for study animals; any use versus avail-
ability analysis will underestimate the importance
of habitat features that are only rarely used, but
widely available {Garshelis 20003},

Our objective was to identify the habitat fea-
tures that adult arroye toads rely on for their
uonbreeding behaviors.  Recently available

miniature radiotransmitters alfowed us to follow
individuals and to find the burrews where they
spent the day. We hypothesized that certain sub-
strate, vegetation, or structural habitat features
must be important if we find arroyo toads using
them repeatedly, and more than other available
habitat features (Johnson 1980). Studies using
radiotracked individuals as sample units to assess
preference have the greatest power o detect
habitat preferences at multiple scales {Thomas
and 'Laylor 1990, Acbischer et al. 1993}, We used
compositional analysis to examine habieat prefer-
ences because this method is robust to problems
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arising from analysis of proportional data (Aitchi-
son 1986), and because it is possible to rank pref-
erence and test ranks for statistical significance,
compared to a null model (Achischer 1993,
Garshelis 2000).

STUDY AREA

We conducted all radiotracking studies in the San
Mateo River watershed on U.S. Marine Corps Base
{LISMCB} Camp Pendleton, California (Fig. 1.
This coastal watershed occupies approximately
235 kua?. The arroyo toad population at this area
is relatively large compared to other extant pep-
alations, as is the extent of riparian habitat in the
watershed (U.S. Fish and Wildlife Service 1999).
The timing of river flow in the San Mateo River
watershed usually lasts from late winter through
spring and is probably typical of the historic con-
dition for free-flowing medium-sized coastal
rivers of southern California.

Our study site included 3 subareas. The lower
San Mateo subarea is a 5th order river that drains
to the ocean. At high warer levels it can occupy 3
or more channels. Adjacent uplands are pre-
dominantly native coastal sage scrub, agricultural
fields, or semi-paved campground. The Cristian-
itos Creek subarea is a 4th order tributary with a
wide, sandy floodplain where the creek flows in
several channely during floods. Sycamores, oaks,
and suiub vegetation are most dense near A per-
manent spring and on an elevated terrace. Cali-
fornia’s Department of Transportation is consid-
ering the construction of an 8lane freeway
through these first 2 subareas. Lhe third sub-
area, Talega Creek, is a 3rd order tributary of
Cristianitos Creek. A narrow band of riparian
vegetation lies mext fo Talega Creek, but the
canyon is narrower and steeper than the other
subareas. Hillsides in Talega Canyon are vegetat-
ed mostly in chaparral, coastal sage scrub, and
ponnative grasses, Arroyo wad densitics appear
to differ in these subareas, with the greatest num-
pers found in the Lower San Mateo subarea.

METHODS

Radiotracking and Arroyo Toads

We captured arroyo toads in pitfall raps {Fish-
er and Case 2000, and at night along the stream
edge. Following suggestions in Richards et al.
(1994), we attached cryptically colored, 1.8g
radiotransmitters (Holohil Ltd,, Carp, Canada
and Sirtrack Ltd., Havelock North, New Zealand)
using the belt design (Bartelt and Peterson 2000)
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Fig. 1. the position of the San Mateo River study oito in Cali-
fornia showing latitude and longitude. The San Mateo River
and its vibutaries are shown as lines in the expanded map.
Single letters indicate the lower San Mateo (L), Cristianitos (C)
and Talega (T) study site subareas. #ost of the coastal water-
shed is within U.5, Marine Gorps Gaing Pendleton {white) and
the U.8. Forest Service San Mateo wilderness (light grey).

and 1.5-mm tubing (Fig. 2), Sizing each belt to
match individual toads was critical, because an
arrayo toad could easily pull its hind legs from a
helt that was too loose, and 4 bely tiat was too tight
could constrain the animal. We removed belis
from animals that showed any sign of abrasion.
From February to Sepiember 1998, we used a
handheld antenna and receiver (AVM Instru-
ments, Livermore, California, USA) to locate toads

Fig. 2. Fomalo arroyo sauthwestern foad. 60 mm SRoUE-
wrostyle {(body) length. A 1.8-g radiotransmitter was attached
to the toad with a 1.5-mm diameter tubing belt. Grid squares
are 1 om,
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with transmitters. Only data from these locations
were used in all subsequent analyses. Most toad
locations were made during daylight hours when
toads were generally in burrows although some
observations were made at night. Tf a toad was
above ground at the time of location, 1t was con-
sidered active. If a toad’s belt was located above
ground at a point where the animal had escaped
from the belt, then that was also considered an
active location. We attempted 1o find each toad at
least once every 3 days. Initially, we monitored the
physical conditon of each toad every 2 weeks.
After we found some toads with chafed skin we
decreased monitoring intervals to once per week.
We recorded exact locations of burrowed or
active radivndrked arroyo toads with Global Posi-
toning System {GPS; Trimble GeoExplorer, Sun-
nyvale, California, USA}, and differentially post-
processed to an accuracy of 22 m. We recorded
locations for each individual in a Geographic
Information System {GIS; ArcView, ESR], Red-
tands, California, USA) thatwe used to compile all
spatial data. We plotted location data 1o delimit
minimum convex polygons (MCP; Mohr and
Stumpf 1966, Jennrich and Turner 1969}; these
are areas enclosing habitats that were accessible
and, therefore, could have been used Ly cach
arroyo toad. At least 3 locations delimiting the
outside of a polygon are necessary to delimit a
MCP for an individual. The designation of these
habitats as potentally available is conservative,
hecause no further information about the range of
nightly movement distances is available. Although
habitats witin a MCP arca were available to an
animal, the MCP area should not be considered
that animal’s annual or lifetime home range.

Analysis ol Habitat Preference

We used high-resolusion digital photographs
(USMCB Camp Pendleton) and our experience in
the study site to classify land-cover type polygons.
The land-cover types that we designated were (1)
agricultural (including dirt roads), {2) camp-
ground, {3) channel, {4} terrace, and (5) upland.
Terraces showed evidence of rare scouting fiow
extreme flood events. Uplands were not prone to
flooding. The proportion of each land-cover type
was estimated within each arrovo toad’s observed
MOP area, using GIS. We considered those as the
proportions used by each individual. We estimat-
ed the available proportions of land-cover types
available within cach study site subarca.

We analyzed the preferences of arroyo toads for
substrate, vegetation, and vegetation structure

J. Wild], Manage. 65(#):2001

types, relative to the available proportions of
those habital types in eacl: wad’s MCT arca.
Microhabitat attributes were recorded where we
observed arrevo toads and in systematic samples
of cach study site subarea. We used the number
of times each animal was found burrowed or
active in each microhabitat to obtain the used
data and converted these values to proportons.
We documented the availability” of the same
microhabitat attributes along systematic transects.
Fach transect was 40 m wide and 40 to 400 m
long, with a lattice of sampled points spaced at
10-m intervals. These sample poinis were
mapped in GIS, based on GPS reference points at
50.m intervals. We used GIS to tally the number
of observarions of each microhabitat type within
ecach toad’s MCP area and converted these values
to proportions. All 3 subareas, despite their dif
ferent sizes and numbers of toads with radio-
transmitters, recetved approsimately the same
proportion of sarnpled area in systematic surveys
of microhabitats.

Microhabitat selection by burrowed arroyo
toads was based on combined active and burrow
Jocations that defined a MCP area. Atleast 10 or
more sample points of available microhabitat fea-
wires within the MCPoutilized area {n = 33) were
measured. Our analyses of surface activity habi-
tat preferences were limited to arroyo toads for
which we had adequately sampled available habi-
tats in a MCP area and for which we had observed
at the surface or found the locations where they
escaped from their radiotransmitter (n = 21).

We classified substrates into size categories that
we regularly encountered as wellsorted classes
during pilot work at the study site: clay, silt, fine
sand, medium sand, coarse sand, gravel, and cob-
ble. We estimated sulsliate crust depth to the
nearest centimeter. Vegetation classes were
grouped according to general physiognoric cat-
egory, with reference to the tallest vegetation type
direcily over the sampled point. Vegetation
structure was recorded at each sampled point as
total canopy cover over the ground, and the per
centage of that vegetative cover coming from 4
height layers: 0105 cm, 5 to 50 cm, 30 10 200 em,
and over 200 cm. After collection of field data,
we examined the distribution of twtal canopy
cover for natural breaks and detined 7 categories
of vegetation structure {Table 1): (1) no vegeta-
tion; (2) sparse~low (20% or less total cover, all
from vegetation 30 em or lower): (3] sparse~tall
(20% or less total cover, 25% or more of which is
from vegetation over 50 cm high}; (4} medi-
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Table 1, Vegelation structure types designated in this study.
The 6 hyphenated categories are based on estimated canopy
coverage over a sampled point {row) and on distribution by
haight (columny.

Cancpy category Low? Tal
1-20% canopy sparse-iow sparse-fall
25-75% canopy medium-—tow medium-tal
80~100% canopy dense-low dense—tall

& 75% or mare of total vegetation structure is lower than 80 om.
b 25-75% of vegetation structure is taller than 50 cm.

um~low {25% to 75% total cover, all from vegeta-
tion 3G cm or lower): (5) medium—tall (253% to
73% total cover, 25% or more of which is from
vegetation over 50 cm high); (6) dense-low (over
80% total cover, all from vegetation 50 ¢m or
lower): (7) and dense—tall {over 80% total cover,
25% or more of which is from vegetation over 5¢

. cm high). The number of available sample

points in each vegelalion structure type and veg
etaton type is listed in Table 2.

Compositional Analysis

We used compositional analysis to compare the
ratios of used to available habitat because this
method accounts for the fact that the propor-
tons of used and available habitats add o 1
{Aitchison 1986, Aebischer et al. 1993}, Recently,
this method has been applied in conservation
and management studies (Tufto et al. 1956, Saun-
ders et al. 1997, ‘lella et al. 1998, Genovesi et al.
1999, Miller et al. 1999, Linnell etal. 1999}, Com-
positional analysis of tracking data uses all the
data from 1 animal as 1 replicate, and makes use
of logratio transformation before testing the
hypothesis that the observed matrix of [{log-ratio
used) — {log-ratio available}] values is statistically
nonrandui (Acbischer ctal. 1993), The analysis
then summarizes the pairwise comparisons of
these ratios between all habitat types and deter-
mines whether the mean differences, d, in
(used:available) ratios for pairs of habitat types
are significant across all animals. The results of
compositional analysis are a ranked list of habitat
preference and a siatistical test of significanre
between ranks (Aebischer et al. 1593). If prefer-
ence for large number of animals is detected
despite a low number of relocations per animal,
then this may indicate a strong preference.

We used MANOVA on the matrix of logratio
{used ~ available) data for each of the 4 analysis
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categories to determine whether data for males
and females could be pooled for each analysis,
We used software (F. Leban, University of Idaho,
personal comrunication) to perform composi-
tional analysis of burrowed arroyo toad prefer-
ence for land cover, substrate, vegetation type,
and vegetation structure habitats, We also per-
formed compositional analysis of active arroyo
toad preference for substrate, vegetation, and
vegetation structure microhabitats. Nominal sig-
nificance level for all statistical tests was at the @
= {108 level

RESULTS

There was abundant spring rain during 1998, due
10 E1 Nifto. As a resuly, there was river fow dizuugh
the early summer at all subareas. Based on the
detectable presence of calling males, the breeding

Table 2. Vegetation and habitat structure types recorded in the
study of arroyo southwestern toads during 1988. Vegetation
types show the percentage of systematically sampled available
points in each study site subarea and the total number of points
sampled. Habitat structure types show the percentage of avail-
able points in each study site subarea and the total number ot
points sampled. Study subareas on U.5. Marine Corps Base
Camp Pendleton, California, USA, are Lower San Mateo River
(LSM, Talega Cresk (TC), and Cristianitos Cresk (CC).

Subarea
Habitat type LSM TC CC
Vegetation type
None 508 228 32.4
Debris pile 23 15 4.3
Chaparral 0.6 34 1.4
MNonnative grasses 3.8 9.5 8.5
Coastal sage scrub 4.6 0.8 38
Willow and mulefat 19.0 8.6 36.0
Large exotics 7.0 0.1 10.8
Annuals 1.¢ 205 2.2
Sycamore a7 15.3 2.2
Oak a1 1.7 0.7

Total # of sampled poinis 1,147.0 821.0 138.0

Habitat structure type

No vegetation 44.5 193 322
Dense—tail 126 234 3.4
Mediur—luw 102 12.6 144
Sparse-low 147 16.% 20.5
Dense-low &84 5.3 1.4
Medium-—tall 13.3 4.9 19.9
Sparse-tall 2.4 2.6 4.1

Total # of sampled paints 1,614.0 933.0 146.0
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Fig. 3. Distribution of the number of burrow locations per ani-
mal for the 33 arroyo southwestern toads used in analyses of
burrow site microhabital preferences. Burrow louatiung wee
compared with available microhabitats within the minimum
convex polygon of each toad to test for burrow microhabitat
preferances.

scason extended from 6 March to 29 July, Tracking
began on 3 February and ended on 6 September.
We infrequently cbserved active arroyo toads diur-
naily (n = 6); most direcdy observed surface activity
was nocturnal {r = 17). Another 43 active loca-
tions were at points where we recovered the frans-
mitter and beit from which a toad had escaped.
We tracked 83 arroyo toads over an average

period of 30.9 days (SD = 29.0 days) at the lower

San Mateo River subarea {(n = 63), Cristianiwws
Creek subarea (n=4), and Talega Creek subarea
(n = 16). When animals that were tracked for
fewer than 10 days were excluded from the analy-
sis, no significant differences occurred in mean
number of days that male (n = 46, mean = 39.5,
SD = 27.9) and female (n= 14, mean =47.1, 5D =
27.1} animals were tracked (¢ 0.808, df — 38, P~
0.373). We recorded enough data to compare
used with available burrow microhabitats for 33
arroyo toads (Fig. 3}.

Seiection of General Land-Cover Types in
MCP Areas Compared o Subareas

All analyses of habitat preference rejected the
hypothesis that habitat types were used at ran-
dom with respect to their avalability (df = num-
ber of habitat types — 1; < 0.003 in all analyses).
Counting the land-cover types within study site
sitbareas as available and MCP areas as used, sig-
nificant differences occurred in the logratio
(nsed — available) land-cover type vectors (agri-
culture, camping. terrace, channel, upland) for
male {n = 42} and female {n = 15} arroyo toads
(MANOVA; Witks' & = 0.740, [ 5 = 4358, P<
0.003), so data weie not pocled. Male arroyo
toads tended o make their burrows close to the
waters of the river or creek where hreeding could
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have taken place. During the breeding season
the average distance from the river creck
where male arroyo toads made their burrows was
280 m (SE = 2.21). Female arroyo toads in the
breeding season were found farther than males
from the river or creek on average (mean =722
m, SE = 23.8}. During the breeding period, the
mean maximum distance that individual females
were obscrved away from breeding streams was
1349 m {SD = 58.3); the mean maximum dis-
tance individual males were observed away from
breeding streams was 73.1 m (SD = 74.8).

Female arroyo toads had MCEP areas that
included use of terrace and channel habitats sig-
nificantly more than campground, agricultural,
or upland habitars. The next most preferred
habitats were upland and campground habitats,
which were not significantly different from each
other in preference, but which were significantly
preferred compared o agriculiwal habitats
(Table 3). Our methods could not have detected
postbreeding female use of agricultural fields;
many females escaped from the wansmitter and
belt during breeding activity and no females were
tracked after 29 July.

During this study period, male arroyo toad
preference for channel habitats was significantly
greater than for all other habitat types. No sig-
nificant difference was found in preference
between agrieultural and upland land cover types
for males {Table 3},

Male use of riparian habitats decreased after the
end of the breeding season, when we observed
that males had moved into upland habitats, Only
4 of 43 males monitored during the breeding sea-
son were found in agricultural fields, but 4 of 7
males that were monitored after the breeding
season burrowed in agriculiural ficlds. Malcs
were found in agricultural felds significanty
more after the breeding period (y? = 10.52, P<
0.005; G-est of independence = 7.79, P< 0.010}.

Selection of Burrowing Substrates

No significant differences occurred in the log-
ratio {uscd — available) substrate type vectors for
male {n = 24) and female (n = 9) arroyo toads
(MANOVA; Wilks’ & = 0.814, F; ,; = 1234, P=
0.321), so data were pooled. Sands were signifi-
cantly preferred for burrowing over all other sub-
strates {Table 3). Mediom, coarse, and fine sands
were not significandy different in their relative
preference. Arraye roads did not show a differ-
ence in their low preference for clay-silt, gravel,
and cobble substrates as burrowing sites.
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Table 3. Relative ranks of arroyo southwestern toad preference for habitat types at coarse and migrohabitat scales. The most
highty preferred types are listed at left, with decreasingly preferred types listed to the right. Habitat types that did not have aig-
tinguishable differences in preference are listed alphabetically within parentheses. Three greater than signs indicate statistically
significant (P < 0.05} ditferences in preference between habitats, and & single greater than sign indicates a trend in preference
(.06 <« P < 0.10}, Microhabital scale preference ranks reflect burrow locations oniy.

Habitat a Ranked list of habitat categories
Land cover®
Femate 15 (terrace. channel) >>> (campground, upiand) >>> (agricutiural)
Male 42 (channel} =>> (ferrage) >>> {campground) >>> {agricultural, upland)
Substrate®
Both sexes 33 {coarse sand, fine sand, medium sand} >>> {clay-silt, cobble, gravel)
Vegétation®
Female 9 {coasial sage, debris, none, nonnative grass, oak, sycamore, willow and mulefat)
Male 24 (agriculture, coastat sage, 0ak; > (chaparral, debris, large exolics, none, nonnative grasses,

sycamore, willow and mulefat) > (fow annual plamis)

Vegetation structurs?
Both sexes 33

(medium-tall, none, sparse-tall} > (dense-low, medium-iow, sparse-low) >>> (dense—fall}

8 Minimum convax polygon areas used hy arroya southwestern toads are cornpared with the available fand-cover types in the

study site subarea.

b Microhabitats of toad burrows are compared with microhabitats within each toad's minimum convex polygon, as recorded in

systemnatic samples throughout the study site,

Some arroyo toads showed fidelity to burrow
sites. Five arroyo toads returned to use a burrow
location used previously, despite having burrowed
more than 100 m away for periods over 14 days.

Most burrows used by atroyo toads were dug by
the toads. We observed 12 arroyo toads that made
burrows } or more times within. the footprints of
cows, deer, humans, and dogs, predominanily
made in areas where the substrate had a 1 to 4 cm
crust. The depth of crust at the surface near bur-
rows made in the prints of large mammals {n=22)
was thicker than the crust near burrows not made in
mammal prints (n = 524: 2-tailed Hest; ¢=2.07, P<
0.025). We located 4 arroyo toads burrowed with-
in rodent burrows from June through September.

We observed 12 arrovo toads that made burrows
(=20 burtows) horizonally into small walls of ailu-
vial sand less than 30 cm high. These were formed
by erosive action of water through loose sand
deposits and were moist within 1 cm of the wall sur-
face. Burrows made in such steep sands were well
concealed because sands above would cascade down
and cover evidence of digging. We tracked 4 arroyo
toads to rodent burrows, and 2 animals hurrowed in
loase substrates piled next to a rodent burrow,

Selaction of Vegetation Types Located at
Burrow Sites

Significant differences occurred in the log-ratio
(used — available) vegetation type vectors for

male {n = 24) and female (n = %) arroyo toads
(MANOVA: Wilks' % = 0476, Fyy 5, = 2417, P<
0.035), so data were not pooled. Both sexes were
ohserved in a variety of mesic and xeric vegeta-
tion types. Most vegetation types were not stgnif-
ieantly preferred more or less than other vegeta-
tion types, so we do not present preferences as a
ranked list (Table 3). Males showed significant
preference for agricultural microhabitats com-
pared 1o all but vak (d « 1.038, '~ 0.068) and
coastal sage (d = 1.219, P=0.102) micrchabitats.
Both oak and coastal sage microhabitats, though,
were only significantdy prefetred compared to
annual plant microhabitats, so preference ranks
are inconclusive. Annual plants were preferred
significantly less than all other vegetation types
except nonnative grasses {d = ~1.127, P=10.232)
and no vegetation {d=-1.393, P= (.143).
Analysis of female arroyo toad vegetation type
preference was hampered by the low number of
female arroyo toads {n = 9) with adequate MCFP
areas to generate the comparative used and avail-
able data. Compositional analysis cannot dis-
criminate preferences among habiiat types when
the number of habitat types is greater than the
number of animals ohserved. Even after we
rernoved agricultural, exotic, and chaparral vege-
taton types fruwn tic analysis because they were
not used by these 9 females during our study, few
significant differences occurred in toad prefer-
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ence for vegetation types. Females preferred
organic debris piles significansly less than
sycamore {(d = ~3.380, P = (.018) and oak (d =
23,894, P = 0.020). Sycamore was slightly pre-
ferred over nonfative grasses (d = 2. 057, P —
0.074) or no vegetation (d= 2023, F» 0.078).

Setection of Vegetation Structure Types at
Burrow Sites

No significant differences occurred in the log-
ratio (used — available) vegetation structure type
vectors for male (n — 24) and female (n = 9)
arroyo toads (MANOVA; Wilks’ A= 0.810, Fé’ 2=
1.014, P=10.438), so data were pooled. The most
preferred vegetation sLUCture types were no veg-
eration, sparse—tall, and medium—all. No signifi-
cant difference occurred in preference between
these types. There was a slight preference for
microhahitatrs  with no  vegetation over
mediam-low vegetation (d = 1.548, P = 0.093).
Medium—canopied structure was significantly
preferred over all dense structures and slightly
more than (d= 1.253, P~ 0.066} sparse- low struc
ture. Medium-low, however, was not significant-
Iy preferred over sparse-tall, medium-tall,
sparse-low, or dense-low. Because of overlap-
ping nonsignificant differences, the preference
ranking we present in Table 3 is open to alternate
interpretations. Toads seemed to select habitat
more according to vegetation structure than veg-
etation type; dense~tall structures were preferred
least of all. At our study site, dense-tall structures
were most often associated with rall native and
nonnaltive plants in nonscoured habirats.

Selection of Microhabitats by Active Arroyo
Toads

The sample size of arroyo toads with adequate-
Iy sampled MCP areas and | or more observations
of surface activity was smaller {n = 213 than for
hurrowed arroyu wads.  Overall microhabitat
type use was significantly nonrandom inall 3
analyses of active arroyo toad dat according 1o
tikelihood ratio tests (£< 0.001), but our data do
not allow for a ranking of vegetation type or veg-
etation structure preferences for active arroyo
toads. Data from active arroyo toad locatons
revealed no differences in preference hetween
clay-silt, gravel, fine, medinm, anu coarse sand
types, although cobble habitats were preferred
significantly less than gravel, coarse sand, and
fine sand. Active arroyo toads may forage and
disperse through many microhabitats found in
natural floodplains, but this may be a reflection
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of low power resulting from a low number of
active Tocations per animal and a low number of
active animals in the analysis.

Escapes, Injuries, Ovulation, and the Belt
and Transmitter System

Of 83 arrovo toads tracked, 41 escaped from
the belt and transmitter system; half of these
escaped in <20 days. The belt and tansmiteer sys
tem did not appear to impede arroyo toad maove-
ment; all toads seemed to hop normaily, and
many moved over 500 m. We released 18 toads
from the belt and transmitter because we found
abraded skin under the belt and transmitter,
apparently due to 2 rough film of silt and
sluughed skin that accumulated on the belt
Abrasion most often was a slight chafing but led
tO Open SoTes on occasion. .

Surprisingly, we did not find that the belt inter-
fered with breeding. Five of 16 females tracked
during the breeding season moved upstream io
breed. Three of these returned downstream
after breeding  Transmitters fell off the other 2
females, apparently during amplexus with 2
male; these transmitters were both recovered
next o egg masses. We know of no females that
moved downstream [0 breed, although there
were, in all cases, known choruses of calling
males both upstream and downstream of the
fernale burrow locations. The belt and transmit-
ter did not prevent these females from moving
up 0 675 m to a male chorus site, and ovulating.

MISCUSSION

We found arroyo toad habitat preferences at
the spatal scale of minimum convex polygon
(MCP} home range estimate and microhabitats
during the breeding season. The MCF defined
by a toad’s burrowed and active jocations is, by
definition, a minimum area circumscribed by
each toad’s own maovements, Not all points with-
in a MCP are physically occupied by the animal,
but the habitats within it are termed used for use
versus availahility comparisons of second-order
hahitat selection because they rellect the general
surroundings at a broad spatial scale that each
individual has chosen, out of ali habitats present
in the study site subarea. At the finer scale of
third-order habitat selection, the area within a
MCP was by definition available to an amimal
because it is bounded by points where the animal
was vbiserved {(Acbischor ot al 1993). The desig-
nation of these habitats as potentally available is
conservative because we have no reliable infor-

J. Wikdl. Manage. 65(4):2001

mation about the range «
tances. We observed siro
small number of observz
which suggests that the p
tafs is sirong across the a

Arroyo toads appear
their microhabitat pref
sites than for sites of :
Toads use underground
predation and dessica
depend on the availabili
habitat. Fine-, mediwm
sands were the clearly |
arroyo toad burrows d
Maintaining the widesp:
able burrowing sites in a
sary to minimize the risk

Ar the scale of seconc
rehied on both burrowec
delmit MCP, we found |
for habitats in recently :
and highest female pref
and channel habitats. T
behavioral differences d
son. Males were gener
close to the river, from wi
10 the river w call for fex
remain on terraces, the
moves over the course of
then return to terrace h
tated terrace and uplan
higher quality cover and
ing season.

Channel snd terrace
arroyo toads prior to,
breeding season. Our
toad movement in upla
human activities in upl
campgrounds and agri
Iikely to affect adult surv
when certain human «
habitats near known poy
e harm arrovo toads. {
bly underestimated the
artuyo wads move ko
tats after the completion
actvity because of the i
study and because many
after short periods of
recorded in this study m
upland habitat used befc

We recorded a signifi
wad use of agricultural

breeding season. Cunni



Wwild!. Manage. 65(4:.2001

rom a low number of
il and a tow number of
ysis.

lation, and the Belt
n

cked, 41 escaped from
¢ system; halt of these
belt and ransmitier sys-
ipede arroyo toad move-
to hop normally, and
L. We released 18 toads
pitter because we found
e belt and transmitter,
ough [l of ailt and
umulated on the beit.
 a slight chafing but led
m.
yt find that the belt inter-
ve of 16 females tracked
ason moved upstream 1o
¢ returned downstream
itters fell off the other 2
uring amplexus with 2
rs were both recovered
. know of no femates that
» breed, although there
own choruses of calling
and downstream of the
s. The belt and wansmit-
ese females from moving
‘horus site, and ovulating.

ad habitat preferences at
inimum convex polygon
timate and microhabitats
sason. The MCP defined
and active locations is, by
n area circumscribed by
nents, Not all points with-
y occupied by the animal,
it are termed used for use
parisons of second-order
1se they reflect the general
sad spatial scale that each
ont of all habitats present
rea. At the finer scale of
lection, the area within a
n available to an animal
by puints where the animal
wer et al 1993). The desig-
{5 as potentially available is
we have no reliable infor-

3. Wildl. Manage. 65(4).2008

mation about the range of nightdy movement dis-
tances. We observed strang preferences despite a
small number of observations for some animals,
which suggests that the preference for these habi-
{ats is strong across the arroyo tads in this study.

Arrovo toads appear to be more specific in
their microhabitat preferences for burrowing
giees than for sites of activity on the surface.
Toads se underground berrows as refugia from
predation and dessication, so survival may
depend on the availability of high-quality burrow
habitat.  Fine-, medium-, and coarse-grained
sands were the clearly preferred substrates for
arrovo toad burrows during our observations.
Maintaining the widespread availability of suit-
able burrowing sites in a watershed seems neces-
sary to minimize the risk of mortality.

At the scale of second-order selection, which
relied on hoth burrowed and active locations to
delimit MCP, we found highest male preference
for habitats in recently scoured flood chammels,
and highest female preference for both terrace
and channel habitats. These results likely reflect
behavioral differences during the breeding sea-
son. Males were generaily in daytime burrows
close w the river, from which they moved at night
to the river to call for females. Females tended to
remain on terraces, then make long npstream
moves aver the course of L or afew nights, breed,
then return to terrace habitats. "L'he more vege-
tated terrace and upland habitats may provide
higher quality cover and forage during the breed-
lng BEASORL-

Channel and rerrace hahitats are critical for
arroyo toads prior to, during, and after the
breeding season. Our observations of arroyo
toad moverment in upland Labitats confirm that
human activities in upland habitats, including
campgrounds and agricularal fields, also are
likely to affect adult sarvival. There is no season
when certain human disturbances in upland
habitats near known populations are certain not
to harm arroyo toads. Qur tracking data proba-
bly undercstimated the extent to which adult
arToyo toads move into tervace and upland habs-
tats after the completion of individual breeding
activity because of the imited time scope of our
study and because many toads escaped from belws
after shert periods of observation. The MCP
recorded in this study may not include extensive
upland habitat nsed before and after monitoring.

We recorded a significant increase of arroyo
toad use of agricultural field habitats after the
breeding season. Cunningham {1961) also noted
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arrovo toad nse of irrigated fields. Agricultural
fields may be attractive to arroyo toads; substrates
were moist along drip-irrigation hoses, there was
vegetative cover from crop and non-crop plants,
and small invertebrates were abundant. Fowev
er, agricultural fields may be ecological traps that
appear to provide adequate habitat for arroyo
toads at some times, but are dangerous for arrovo
toads at other times. Mechanized diling, pesti-
cide application, and irampling were frequent in
fields on our study site. To reduce mortality, agri-
cutie-frec buffer zones should be established
next o known arroyo toad breeding sites. Any
buffer zone should be much wider than 1349 m,
which was the mean maximum distance we
observed individaal females away trom breeding
streams during the breeding season. Both sexes
moved further into upland habitats after the
breeding season, sn hnffer strip width should be
determined by future studies conducted in fall
and winter.

Sands were clearly the preferred burrowing
substrate for both sexes of artoyu wads, In the
San Mateo River watershed, sand substrates are
provided by natural erosion and alluvial process-
es and generally are sorted by size through the
actlon of stream flow. In contrast, fine-grained
and unsorted soil and silt from grading and road
construction do not provide the preferred sub-
strates for arroyo toad burrows. A human-cased
overload of silt in a watershed could cover sands
with a layer of undesirable burrowing substrates
downstream. Steep walls of alluvial sand provide
easy access to cool, damp sands with minimal bur-
rowing effort; these habitats may be more impor-
tant in dry seasons if the expenditure of energy in
daily burrowing is a significant epergy loss. Ifthis
is the case, then degradation of these sand cliffs
in the microtopograpby should be avoided in
areas of high toad density. Reaching moist sands
through friable surfaces wiay be evet more
important for juvenile toads. Active arroyo toads
used a wider variety of substrate types than bur-
rowed arroyo toads. Cobble substrates were least
preferred for active arroyo toads.

Human activities that can degrade burrow sites
and crush animals outright include construction,
ulfroad vehicle use, walking, and livestork graz-
ing. Vehicular and foot traffic in campgrounds
can be dangerous for arroyo toads. Human
recreation in riparian and river habitats during
arroyo toad breeding and larval develogment
periods may be a significant source of direct moi-
takity (U.S. Fish and wildlife Service 1999).
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Our results support prior conclusions that over-
ly scoured river channels and these receiving lit
tle input of sediment from upstream are not
favorable for arroyo toads (U5, Fish and Wildlife
Service 1999); the proportional number of ob-
served arroyo toad burrows in either cobble or
silt and clay substrates was far smaller than the
proportional availability of these substrates, We
confirmed the suspicion that certain human
activities upstream can have substantial negative
impacts on terrestrial as well as breeding habitats.
Reservoirs, lowering of water tables from irriga-
tion, urban development, and sediment mining
all can cause a net loss of the sandy aquatic pool
habitats where arroyo toads breed {U.5. Fish and
Wildlife Service 1999, Federal Register 2001), and
a loss of sand deposits in floodplain habitats that
we have shown arrove toads prefer for burrowing
throughout the year.

MANAGEMENT IMPLICATIONS

Despite the extreme specificiey of arroyo woads
for successful breeding and larval development
habitats (U.S. Fish and Wildlife Service 1999),
our results suggest thar burrowed and active
arroyo toads may be found under many vegeta-
tion types. We found that arroyo toads prelerred
dense-canopied vegetation structures the least,
regardless of vegetaton type.

Of 3 watersheds in USMCB Camp Pendleton
with arroyo toads, the San Mateo River watershed
may have the largest extant population, with at
least 391 individuals recorded in the lower San
Mateo subarea bemween 1996-200C (D. Holland,
Camp Pendleton Amphibian and Reptile Survey,
unpublished data). Our work indicates that nat-
ural flooding and the continuity of riparian and
upland habitats may play roles in maintaining
this large population. This conclusion rests on
the assumption that the widespread availability of
preferred habitats leads to higher survival in
some way (Garshelis 2000}, An 8-lane freeway
that has been proposed for this watershed in the
immediate vicinity of breeding and upland habi-
tats could impact arroyo toads through an intlux
of unsorted sediments into the stream channels
during construction, a disraption of normal
hydrological patterns and sediment fransport in
the watershed, and the creation of a barrier
between upland and floodplain habitats. Previ-
ous work also points to heavy deposits of aliuvial
silt and clay as potentially fatal hazards for arroye
toad larvae {U.S. Fish and Wildlife Service 1999).

Our results suggest, in general, that large
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influxes of fine and unsorted sediment, or
changes to the sediment deposition regime in a
watershed, could reduce the amount of preferred
burrowing habitats in the immediate vicinity of a
construction site, and in the downstream area of
the floodplain. Freeways and other urban devel-
opments create large areas of impervious sub-
strates in a watershed, which can increase flood
mntensity, leading eventizally to a lower avallabilicy
of sands in the floodpiain.

We found no evidence contrary to previous
work identifying risks to arroyo toad populations
(U.S: Fish and Wildlife Service 1999). Through
our tracking studies, we found that agriculrural
fields may be dangerous for arroyo toads. Agricul-
tural ficlds contain preferred burrowing condi-
tions for arroyo toads but can be periodically dis-
turbed by wampling; chemicals, and machinery,

Until studies have covered the range of varia-
tion in climatic and habitat conditions that
arroyo toad populations may experience, no £on-
clusions about minimum amounts of critical
habitat should he made.  Very Jitle is known
about arroyo wads outside the breeding season;
our results come only from the spring and sum-
mer seasons. For a more complete understand-
ing of arroyo toad habitat needs, additonal stud-
ies should identify patterns of habitat use in fall
and winter. Toad movements observed during
only the breeding season or during only a wet
year most likely wilt fail to document the extent
and types of habitats that are necessary to main-
tain viable arroyo toad populations during dry
years and nonbreeding scasons, such as refugia
used during droughts. We observed that arroyo
toads repeatedly navigated fo specific burrows
from over 200 m away, so it is conceivable that
individual arroyo toads would return to specilic
locales where survival is high under environmen-
tally stressful conditions. It will be especially
tmportant tn determine wherther arroyo toads
rely on certain upland habitats, riparian habitats,
seeps, or springs for survival through drought
periods. Qur research confirms that floodplain
tandforms (channels and terraces) and sand sub-
strates are important features for arroyo toads
during the breeding season. We also have con-
firmed that dense stands of tall vegetation are not
preferred burrowing habitats. To understand the
range of conditions that may influence habiat
use and selection in this species, future studies
will need o determine habitat preferences dur
ing the fall and winter and during dry years with-
out Fi Nifio rainfall. Other studies should assess
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